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Exercise and Diet Patterns as Factors in Forearm Trabecular and Cortical Bone Development in Pubertal Girls
Ye Lin, Kailee Loiodice, Alexander Ruhren, Jodi Dowthwaite PhD
First-year Research Immersion: Community & Global Public Health

INTRODUCTION
● Osteoporosis is a bone disease that occurs when the body loses too much bone,
makes too little bone, or both; bones become weak and may break from a fall or,
in serious cases, from sneezing or minor bumps.1
● Osteoporosis alone causes over 8.9 million fractures every year.2
● In 2002, in the US, fractures or breaks caused $16 billion in medical expenses.3
● Peak bone mass is the highest bone mass (BMC, g), after growth stops.4
● In U.S. white girls, peak bone mass is achieved 7 years after first menstruation,
or menarche, gynecological age = 0 [Fig 1, unpublished data].
● Adjustable factors like diet and physical activities circum-menarche influence
peak bone mass variance [Fig 1, unpublished data].
● Prior work from our parent study has shown that a bone loading index
representing arm exercise for 3 years circum-menarche (3yrBLI)
predicts bone mass and 2D areal bone density from arm bone scans
by dual energy X-ray absorptiometry (DXA). 5
● The current study will fill a knowledge gap by evaluating: 1) 3yrBLI as a predictor
of 3D bone compression (IBS) and torsion (SSIpol) strength indices, and 2) diet as
an additional predictor of 2D DXA bone properties [Fig 1, unpublished data].

Greater arm bone loading exercise
predicts greater bone strength indices.
Accounting for arm loading,
calcium, fat, & protein intake predict
area or areal density, depending on arm site.

METHODS (continued)
● We analyzed resultant data from the parent study at Upstate Medical University:
○ Predictors: maturity & body size at scan time; diet & loading to build the bone
- Gynecological Age (years post-menarche)5
- Height (cm)
- Whole body non-bone lean mass (kg)
- 3 year Arm Bone Loading Index (3yrBLI, 3 years prior to scan)5
- Diet: Mean Intakes from 6 monthly data for 3-6 years
Harvard Youth Adolescent Questionnaire4
protein, total fat, calcium, magnesium, potassium, zinc, and lactose
○ Dependent variables (post-menarcheal bone properties)
- pQCT 3D bone strength: compression (IBS, g2/cm4) & torsion (SSIpol, mm3)
- DXA 2D Bone Area (cm2) Areal Bone Mineral Density (BMD) (g/cm2)
● Analysis through Excel:
○ Diet assessments frequency table [Table 1]
● Analysis through SPSS v27 including:
○ Descriptive statistics (frequencies; mean, standard deviation, min., max.)
○ Multiple linear regression to predict pQCT IBS & SSI entering predictors:
gynecological age, height, whole body fat-free mass, 3yrBLI
○ Multiple linear backward stepwise regression to predict DXA outcomes:
gynecological age, height, whole body fat-free mass, 3yrBLI, nutrients [Table3]

RESULTS
Table 1: Diet Assessments Based on Seasons

Table 2: Descriptive Statistics

Figure 1: Years Pre/Post Menarche vs. Whole Body BMC (g). Focal data periods
and whole body bone mass gains in 123 U.S. girls relative to menarche (Time = 0)
[unpublished data].

HYPOTHESES
● H1: Greater forearm loading (3 year arm BLI) is associated with higher bone
compression strength (IBS) [Fig 2]
● H2: Greater forearm loading (3 year arm BLI) is associated with higher bone
torsional strength (polar SSI) [Fig 3].
● H3: Certain diet consumption will predict DXA 2D forearm bone properties
positively, including the area, BMC, and BMD at the ⅓ and ultra-distal radius
on the non-dominant forearm for girls. Diet variables include protein, total fat,
calcium, magnesium, potassium, zinc, and lactose.

METHODS
● Our team developed a circum-menarcheal bone loading index: 3yrBLI=
Σ [(Magnitude + Velocity) x Frequency x Training Exposure x Non-dominance]

Table 3: Backward Stepwise Model Statistics for Non-dominant Arm DXA (n=48)

Magnitude reflects the load put on the forearm, velocity is the amount of impact
put on a bone, and the frequency is how many times a load is put on a bone.5

● 48 participants were selected from the BLI study who had diet data
and acceptable 3D peripheral quantitative computed tomography (pQCT) scans
that match up with 3yrArmBLI and DXA scan timing [Fig 1, Fig 2].
Figure 2: The 3D pQCT scan images
are shown on the left, and the 2D
DXA scan image is shown on the
right. The ultradistal region is
yellow and the ⅓ region is orange.
The 4% pQCT slice is purple and
the 33% pQCT slice is turquoise.
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